Two dimensional PEI-cellulose thin layer chromatography can resolve sequentially degraded oligonucleotide fragments of tRNA. This technique entails the sequential degradation of the oligonucleotide with snake venom phosphodiesterase in the presence of bacterial alkaline phosphatase, and periodate oxidation followed by tritiated sodium borohydride reduction of the 3' terminal nucleoside. Subsequently the tritiated oligonucleotide fragments were resolved by two dimensional PEI-cellulose TLC. The results of these experiments indicate that, In some cases, the complete nucleotide sequence of a large oligonucleotide fragment may be determined by interpretation of the observed mobility shifts, thereby eliminating the need for additional analysis of the oligonucleotide. In addition, the use of two-dimensional rather than one-dimensional resolution of the tritium labeled fragments allows for a complete separation of any interfering background spots from the sequentially degraded oligonucleotides.
INTRODUCTION
The tritium post-labeling technique (1, 2) has been recently applied to the complete nucleotide sequence analysis of several tRNAs (3, 4) . An important part of this procedure entails the sequential degradation of purified oligonucleotide fragments produced by either complete ribonuclease T or ribonuclease A digestion of the intact tRNA. Due to batch variations in the commercial tritium labeled borohydride, we have recently had difficulty interpreting the results of the sequential degradation procedure when PEI-cellulose TLC was performed as reported (1, 2) . Therefore, during the course of our determination of the complete nucleotide sequence of human pla-gel or cellulose TLC (1,6,7).
One major advantage of this two dimensional PEI-cellulose TLC technique is that since the sequential degradation fragments do not overlap with the non-nucleic acid background spots, there is a greater ease and reliability in interpreting the chromatogram.
Furthermore, since the sequential degradation tract is highj.y reproducible, the mobility shifts can be correlated with the nucleotide sequence directly, and for some oligonucleotide fragments, it is possible to determine the complete nucleotide sequence without further analysis.
MATERIALS
Val Human placenta tRNA . was isolated to a purity of 1.2 nmoles per A.,, unit as previously described (8, 9) and further purified by two additional RPC-5 column chromatographic steps at pH 7.6 Val (9).
Complete digestion of the human placenta tRNA . with ribonuclease T (Sanko) or ribonuclease A (Sigma), two dimensional resolution of the digestion products on PEI-cellulose, and subsequent elution of the ultraviolet visualized fragments were performed as described earlier for human placenta tRNA e (4). After the time points had been collected and oxidized by periodate, the tritium label was introduced into the 3 1 terminus by the addition of 2 ul of 0.03 M tritiated sodium borohydride and incubated at 23 for 1 hour as described (2) . After the excess borohydride was decomposed by the addition of acetic acid, and dried at room temperature iji vacuo over solid KOH and phosphorous pentoxide, the residue was dissolved in 8 ul of water.
The partial SVD-BAP digestion fragments were then separated using a modification of the two dimensional PEI-cellulose TLC procedure reported earlier by Randerath, £t ^1. (13) . Aliquots 
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Two dimensional PEI-celluloae TLC C20 x 20 cm) of C 3 H)-oligonucleotideT-3' dialcohol obtained by partial snake venom phosphodiesterase/phosphatase digestion of (a) nucleotide fragment AAACACCAQU and O>) blank, followed by periodat oxidation and C 3 H)-NaBH 4 (9 Ci/mmole) reduction. The first dimension was developed from bottom to top with a 0-0.6M LiCl stepwise gradient while the second dimension was developed from left to right with a 0.02M-2.5M ammonium formate CpH 3.5) stepwise gradient (see Methods). Film detection by fluorography.
added oligonucleotide is shown in Figure lb . It can be seen that the background spots travel as a series of hyperbolic arcs which differ significantly from the mobility of the sequentially degraded oligonucleotides, up to at least a chain length of 10.
Since the largest oligonucleotides usually obtained from a ribonuclease digestion of tRNA is 10 to 12 nucleotides (3,4), such resolution should be adequate for the complete sequential analysis required for tRNA structural studies.
It should be noted that we have observed variations in the background spots depending on both the batch of tritiated sodium borohydride and the source of the enzymes used. Therefore, background chromatograms should be developed for each series of sequential degradation experiments performed. Table 1 Table 1 : Radioactivity (cpm) of 3'-termini released by iji situ RNase T_ treatment on PEI-cellulose of ( H)-oligonucleotide-3'-dialcohol spots from Fig. l(a) .
A-Total nucleoside analysis indicated as base composition of C 3 A 5 while 5' terminal analysis yielded A. data has yet to be collected on the pyrimidines, we cannot at present differentiate between mobility shifts caused by the removal of either a cytosine or a uridine. analyses for tRNA.
In conclusion, we have described a procedure for the resolution of sequentially degraded large ollgonucleotide fragments of tRNA employing two dimensional TLC on PEI-cellulose thin layers.
This technique has been used in determining the complete nucleoVa 1 tide sequence of human placenta tRNA , (to be reported in detail i a elsewhere). Documentation of several observations of mobility shifts indicate that such a procedure could be used to determine directly nucleotide sequences in a manner similar to that reported by Sanger (16) (17) (18) . Finally, we are reporting the two dimensional nucleoside trialcohol map on silica gel thin layers, hopeful that it will be helpful to other investigators.
